Abstract: Balanced binary sequences with ideal autocorrelation are equivalent t o v k -cyclic Hadamard di erence sets with v = 4n , 1 k = 2n , 1 = n , 1 for some positive i n teger n. Every known cyclic Hadamard di erence set has one of the following three types of v : 1 v = 4 n , 1 is a prime. 2 v is a product of twin primes. 3 v = 2 n , 1 for n = 2 3 . It is conjectured that all cyclic Hadamard di erence sets have parameter v which falls into one of the three types. The conjecture has been previously con rmed for n 10000 except for 17 cases not fully investigated. In this paper, four smallest cases among these 17 cases are examined and the conjecture is con rmed for all v 3435. In addition, all the inequivalent cyclic Hadamard di erence sets with v = 2 n ,1 for n 10 are listed and classi ed according to known construction methods.
I. INTRODUCTION
A binary sequence fatg of period N is said to have the twolevel ideal autocorrelation property if its autocorrelation function R a satisfies the following: Binary sequences with the ideal autocorrelation are important because of their various applications to digital communication systems such as spread spectrum communication systems and code division multiple access (CDMA) systems [1] .
It is well known that if a binary sequence has the twolevel ideal autocorrelation, it must have a period N with N = ,1(mod 4) and the numbers of ones and zeros differ by 1.
Such a binary sequence is called a Hadamard sequence, and is
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This work was supported by the Ministry of Information and Communication, Republic of Korea. equivalent to a cyclic Hadamard difference set with parameters v = 4 n , 1 k = 2 n , 1 = n , 1 for some integer n 2.
All known Hadamard sequences have periods of the following three types [2] , [3] 1. N = 4 n , 1 is a prime number.
2. N = pp + 2 is a product of twin primes.
There is a conjecture that if a Hadamard sequence exists, the period N must be one of the above three types [4] . In [2] Of three types of the period N , the case of N = 2 n , 1 owes its popularity to simple implementation. There has been a lot of effort to determine how many inequivalent Hadamard sequences of period N = 2 n , 1 there exist and to figure out how to construct them systematically. So far, full search for these sequences is completed up to n = 1 0 .
II. NON-EXISTENCE OF SOME HADAMARD SEQUENCES
A Hadamard sequence of period n = 4N , 1 is known to be equivalent to a (v k )-cyclic difference set with v = 4 n , 1 k = 2 n , 1 = n , 1. Baumert [2] proved the following theorem which can be used to prove the non-existence of some cyclic Hadamard difference sets and can also be used to reduce the computational complexity of an exhaustive search. 
Here, the subscript i , j is taken modulo w.
Basic steps to reach the nonexistence is the following. We assume first that a cyclic Hadamard difference set D exists. By Theorem 1, its multiplier m can be determined. For every divisor w of v, its cyclotomic cosets can be determined by the multiplier m. We set some dummy indicators b i for each cyclotomic coset. There must be some sets of b i 's satisfying the three diophantine equations in Theorem 2 if there exists a cyclic Hadamard difference set D. Thus, if these equations do not possess any solution for some divisor w, the non-existence is guaranteed. 
A. Some Computations
Here, we use another dummy indicator g i which is related to h i by the following equations: b 0 = g 0 + 9 g 1 + g 2 + g 3 + g 4 b 1 = g 5 + 9 g 6 + g 7 + g 8 + g 9 b 2 = g 10 + 9 g 11 + g 12 + g 13 By executing a series of C programs for a few hours of CPU time (Intel Pentium PC) collectively, we could confirm that there is no solution for g i 's satisfying both the diophantine equations (5) and the above relations (6 have relatively many cosets and the ranges of the possible solutions to the diophantine equations are much wider than the previous four cases. These result in the huge increase of complexity. It seems impossible to finish the exhaustive search in a reasonable amount of time.
III. CLASSIFICATION OF CYCLIC HADAMARD
DIFFERENCE SETS WITH v = 2 n , 1 In practical applications, Hadamard sequences of period 2 n , 1 are most frequently used. Maximal length sequences, (msequences, in short) also belong to this family [5] . To describe Hadamard sequences of period 2 n , 1, one can use the wellknown trace function which is defined as follows [6] :
The trace function T r m n is a linear mapping from GF2 n to GF2 m , with mjn , defined as T r m n = + 2 m + 2 2m + + 2 mn=m,1
where 2 GF2 n .
Any two Hadamard sequences ai and bi of the same period N are said to be equivalent if one can find integers d and s such that ai = bdi+s where d N = 1 and 0 s N,1.
Otherwise, we say that they are inequivalent. There have been some effort to determine the number of inequivalent Hadamard sequences of period 2 n , 1 for each n, which implies the classification of cyclic Hadamard difference sets (CHDS) with v = 2 n , 1, since every CHDS with v = 2 n , 1 is equivalent to a Hadamard sequence of period 2 n , 1 by the well-known correspondence that, for each i = 0 1 2 2 n , 2, ai = 0 if and only if i 2 D. In this section, all the Hadamard sequences of period 2 n , 1 for n = 3 4 10 are classified and listed according to the known construction methods. where is a primitive element of GF2 3 . L31(Legendre sequence) [7] : st = T r 1 5 t + 5t + 7t . L127(Legendre sequence) [7] : 
